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Fault location of a DC distribution network based on a direct time reversal method

YANG Huanhong?, ZHU Ziye!, HUANG Wentao?, YU Wei', ZHOU Siyi!
(1. Shanghai University of Electric Power, Shanghai 200090, China; 2. Key Laboratory of Power Transmission and
Transformation Control, Ministry of Education, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: There is a problem of deviation in fault location caused by uneven distribution of electrical energy in a DC
distribution network. Focusing on the frequency band distribution characteristics of current mutation, a direct time reversal
method is used to transform the distance problem into the response of the point current source field, and the translation
invariance of a discrete dyadic wavelet is used at the same time. The time reversal fault transient traveling wave signal is
reconstructed by the modulus maxima of the high-frequency component of the traveling wave signal in the form of pulse
excitation. Its sharp change points are characterized accordingly, highlighting the characteristics of energy distribution. This is
not limited by having little malfunction data. The applicability of the method in the main feeder and T-line is proved
theoretically. The #15 kV topology of a point-to-point MVDC distribution network model is built in PSCAD/EMTDC, and
fault simulation and data acquisition verification are carried out considering the change of transition resistance and the
influence of different fault types. The results show that the proposed method can realize the location in a short time window
of 5 ms, and it has good anti transition resistance ability, which can reflect the change of electromagnetic energy of fault lines
in different working conditions.
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Table 3 Fault location results for single-pole grounding
fault with different fault distance

1.8 km 2.6 km 4.3 km

MPEZE  AxbR MEESS  AEXhR O WEEZE HEXDR

R/km Z1% R/km Z1% H/km 1%
L1 1.815 0.833 2.625 0.962 4.335 0.814
L2 1.770 1.667 2.610 0.385 4.290 0.233
L3 1.845 2.500 2.625 0.962 4.260 0.930
L4 1.830 1.667 2.595 0.192 4.350 1.163
L5 1.815 0.833 2.610 0.385 4.245 1.279
L6 1.785 0.833 2.595 0.192 4.245 1.279
L7 1.845 2.500 2.655 2.115 4.320 0.465
L8 1.785 0.833 2.610 0.385 4.215 1.977
L9 1.755 2.500 2.625 0.962 4.335 0.814
L10 1.740 3.333 2.535 2.500 4.350 1.163
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Table 4 Fault location results for pole-to-pole fault
with different fault distance

1.8 km 2.6 km 4.3 km
MEESE  AEXHRE O UEEZE AEXHR DUEEZE AR
Hikm Z1% H/km ZI% Hikm ZI%

[
iK%

L1 1.815 0.833 2.625 0.962 4.335 0.814
L2 1.770 1.667 2.610 0.385 4.290 0.233
L3 1.845 2.500 2.625 0.962 4.260 0.930
L4 1.830 1.667 2.595 0.192 4.350 1.163
L5 1.815 0.833 2.610 0.385 4.245 1.279
L6 1.785 0.833 2.595 0.192 4.245 1.279
L7 1.845 2.500 2.655 2.115 4.320 0.465
L8 1.785 0.833 2.610 0.385 4.215 1.977
L9 1.755 2.500 2.625 0.962 4.335 0.814
L10 1.740 3.333 2.535 2.500 4.350 1.163
L11 1.800 0.000 2.670 2.692 4.275 0.581
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Fig. 13 Numerical variation of different fault distances
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Table 5 Methods comparison

B L Rk FasTR i%
[ (1000 kHz) (1000 kHz) (500 kHz)
2Rk BEY% RE% BEI%

26km 43km 26km 43km 26km 4.3km
L1 0.962 0.814 1.710 1.832 2.183 2.733
L4 0.192 1.163 1.712 1.222 1.985 2.356
L6 0.192 1.279 1.528 2.231 2.064 2.567
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